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DESCRIPTION 
METHOD OF (CONTROLLING SECRETION OF GRANULES 

TECHNICAL FIELD 

5 The present invention relates to a method of controlling 

secretion of granules from cell lines having granule secretion 
capability, preferably secretion of granules from neutrophils 
and to a method of detecting substances which inhibit or activate 
the granule secretion reaction based on themethod of controlling 
>Q 10 secretion of granules. 



BACKGROUND ART 
Neutrophils play an important role in the defense of a 
^ living body. A major function of neutrophils is to migrate into 

S 15 bacteria and microorganisms which invade into living bodies and 
2^ eat the bacteria and microorganisms, thereby rendering a 

H 8 sterilizing effect. In one sterilization mechanism of 

neutrophils, sterilization is effected after fusion of 
phagosomes and granules by the action of bactericidal proteins 
20 and proteases which are present in the granules. Although 
bactericidal proteins and proteases which are present in 
neutrophils are important sterilization substances, their 
excessive production and secretion are known to injure intima 
of bloodvessels (Fahey, T. J. etal. , In Update Pulmonary Diseases 
25 and Disorders (FishmanAP, ed) (1992) MacGraw-Hill , New York) . 

Intimal injury of blood vessels is deeply concerned with 
the occurrence of diseases such as adult respiratory distress 
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syndrome (ARDS) (Weiland, J . E . et al. , Am . Rev. Respir. Dis. (1986) 
133: 218-225) , injury by reperfusion after ischemia (Cavanagh, 
S. P. et al. Cardiovasc. Surg. (1998) 6: 112-118), glomerular 
nephritis (Jennette, J. C. and Falk, R. J., Am. J. Kidney Dis. 
(1994) 24: 130-141), cystic fibrosis (Greenberger, P. A., J. 
A. M. A (1997) 278: 1924-1930), rheumatoid arthritis (Chang, 
D. J. et al. Semin. Arthritis Rheum. (1996) 25: 390-403), 
chronic bronchitis (Hoidal, J. R. , Semin. Respir. Infect. (1994) 
9: 8--12) , spasm of bloodvessel (Merhi, Y. et al . Arterioscler . 
Thromb. (1993) 13: 951-957), asthma (Borson, D. B. et al . Am. 
J. Physiol. (1991) 260: L212-L225) , peripheral circulation 
disorder and angina pectoris (Merhi, Y. et al . Arterioscler. 
Thromb, (1993) 13: 951-957), hypertension (Dz au , V. J., Am. 
J. Med. (1984) 77: 31-36) , arteriosclerosis (Belch, J. J., Curr . 
Opin. Lipidol. (1994) 5: 440-446), and the like. Therefore, the 
substances which inhibit secretion of neutrophil granules are 
thought to be useful as a therapeutic drug for treating diseases 
associated with secretion of neutrophil granules. Genes which 
control secretion of neutrophil granules are also thought to 
make genetic therapy of diseases associated with secretion of 
neutrophil granules possible. 

is not yet elucidated at pre sent^j^^iTicr ease in the calcium 
concentration in neutrophils is known to be indispensable for 
secretion of granules. However, no molecules which are 
activated<by an increase in the calcium concentration and induce 
^^^-n^^e-^^ec-retd-o xi a r.e ^k-newn- — T-he-r^f^i^^^l^'e-i^e^lTav e-~be e^-^n©V 



^•e^T"f ic neutrophil secretf5ir4i^i^ 

any genetic therapy ta^^inrg^ifhe inhibition of neutrophil 

The study for specifying intra neutrophil molecules which 
5 are activated by the increase in the calcium concentration and 
researching compounds and genes which inhibit such molecules 
are expected to contribute to the development of an effective 
preventive and/or treating agent, and curative method for 
diseases associated with secretion of neutrophil granules such 
10 as adult respiratory distress syndrome (ARDS) , injury by 

reperfusion after ischemia during acute myocardial infarction, 
glomerular nephritis, cystic fibrosis, rheumatoid arthritis, 
chronic bronchitis, cerebral vasospasm, asthma, peripheral 
circulation disorder, angina pectoris, hypertension, 
15 arteriosclerosis, and the like. 

There are three types of calgranulins : calgranulin A 
(Burmeister, G. , Immunology (1986) 171: 461-474) (namedas S100A8 , 
MRP 8 , p8, or LI light chain), calgranulin B (Burmeister, G., 
Immunology (1986) 171: 461-474) (namedas S100A9, MRP 1 4 , 14 or 
20 LI heavy chain) , and calgranulin C (Dell 1 Angelica, E. C, J. 
Biol. Chem. (1994) 269: 28929-28936) (namedas S100A12 or p6) . 

Calgranulin A is a calcium-binding protein with a 
molecular weight of about 8 kD , calgranulin B is a calcium-binding 
protein with a molecular weight of about 14 kD, and calgranulin 
25 C is a calcium-binding protein with a molecular weight of about 
10 kD and classified in the S100 protein. 

Calgranulin A and calgranulin B were cloned by E. Lagasse 
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et al. and their whole amino acid sequences were reported in 
1988 (E. Lagasse and R. G. Clerc, Mole. Cellular. Biol. (1988) 
No. 8, 2402-2410) . Calgranulin A and calgranulin B are present 
specifically in neutrophils and monocytes and occupy about 5% 
5 of all proteins in neutrophils or monocytes. 

As a finding suggesting intracellular physiological 
functions of calgranulins, the action of calgranulin A and 
calgranulin B inhibiting the activity of casein kinases I and 
II has been reported (Murao S. et al . J. Biol. Chem (1989) 264: 

=0 10 8356-8360) . 

01 

O However, physiological functions of casein kinases I and 

bj II in neutrophils and monocytes are still to be clarified. This 

fy inhibitory effect is not dependent on the calcium concentration . 

O Therefore, the physiological function through the activity 
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m 15 control of casein kinases I and II by calgranulin A and calgranulin 
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B is not known at the present. As the findings suggesting 
extracellular physiological functions of calgranulins, the 
function of calgranulin A to increase migration of neutrophils 
andmonocytes (Geczy, C. L. , Biochim. Biophys . Acta (1996) 1313: 

20 246-253) and the antibacterial activity of" calgranulin A and 
calgranulin B (Murthy, A. R. K. et al . , J. Immunol. (1993) 151: 
6291-6301) have been reported. 

However, the only calgranulin which exhibits 
neutrophil/monocyte migration activity is mouse calgranulin A. 

25 Thus, this is not a physiological activity common to other 
warm-blooded animals including humans. The antibacterial 
activity of calgranulin A and calgranulin B is due to their 
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capability of trapping divalent metals in a solution essential 
for the growth of bacteria. The activity would not be a 
physiological function specific to calgranulins . 

Only little is known about physiological functions of 
5 calgranulin A and calgranulin B at the present time . The action 
of calgranulin A and calgranulin B to control secretion of 
neutrophil or monocyte granules has not been known at all. 
Calgranulin C was cloned by J. D. Gottsch et al. and its whole 
_ amino acid sequence was reported in 1997 (Gottsch, J. D. et al., 

^3 10 Trans. Am. Ophthalmol. Soc. (1997) 95: 111-125). Calgranulin 
C is known to be present in granulocytes , but whether calgranulin 
Ly C is present in other cells is not known . Neither , is its function 

ftj known. Thus, the effect of calgranulin C on the control of the 

p mechanism of neutrophil or monocyte granule secretion has not 

w 

fy 15 been known. 

^ DISCLOSURE OF THE INVENTION 

An object of the present invention is to provide a method 
of controlling secretion of granules of cell lines having granule 
20 secretion capability , and a method of detecting substances which 
inhibit or activate the reaction of granule secretion based on 
the method of controlling secretion of granules. 

As a result of extensive studies to achieve the above 
objective, the inventors of the present invention have found 
25 that secretion of granules can be controlled in the following 
manner. Specifically, if a treatment to increase the amount 
of active form of calgranulin is carried out on a cell line having 
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the capability of secreting granules, the cell line increases 
secretion of granules ; and if a treatment to decrease the amount 
of active form of calgranulin is carried out, granule secretion 
from the cell line decreases. This finding has led to the 
5 completion of the present invention. 

Specifically, the present invention provides a method 
of controlling granule secretion which comprises performing a 
treatment to increase or decrease an active form of calgranulin 
on a cell line having the capability of secreting granules. 
10 The cell line having granule secretion capability used 

00 

Q herein is not specifically limited inasmuch as the cell line 

y can secrete granules. Neutrophils originating from warm- 

m blooded animals or neutrophil-like cells can be given as 

PI preferable examples. Neutrophils originating from warm-blooded 

^ 15 animals are also called neutrophilous leukocytes, neutrophilic 
r!? leukocytes, heterophilic leukocytes, or polymorphonuclear 

^ leucocytes. Neutrophil-like cultured cells are cultured cells 

containing at least one type of granule included in neutrophils . 
HL60 cells that can be differentiated into granulocytes by a 
2 0 suitable treatment using retinoic acid, dimethylsulf oxide , or 
the like can be given as specific examples. Neutrophils can be 
separated from blood of the warm-blooded animals or cells which 
move into the abdominal cavity by stimulation such as 
intraperitoneal administration of casein (Biological Chemistry 
25 Experiment Lecture, second series , No . 8 Blood, Vol . 2 , 679-685) . 
Cultured leukemia cell strains which can be differentiated into 
granulocytes are used after induction into neutrophil-like cells 
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by differentiation using a suitable inductor of differentiation 
(Biological Chemistry Experiment Lecture, second series, No. 
8 Blood, Vol. 1, 117-123). 

Calgranulins are present in warm-blooded animals, for 
5 example. Calgranulin A (named as S100A8, MRP 8 , p8 , or LI light 
chain) and calgranulin B (named as S100A9 , MRP 14 , pl4 or LI heavy 
chain) are known. Human-type calgranulin A and human-type 
calgranulin B were cloned and their whole amino acid sequences 
have been reported (E. Lagasse and R. G. Clerc, Mole. Cellular. 
5 10 Biol. (1988) No. 8, 2402-2410). Mouse-type calgranulin A and 
mouse-type calgranulin B were cloned and their whole amino acid 
sequences have been reported (E. Lagasse and I. L. Weissman, 
Blood (1992) 79: 1907-1915). Mouse-type calgranulin A and 
mouse-type calgranulin B show a high homology of amino acid 
15 sequence to those of humans. Specifically, their homology to 
the human- type calgranulin A and human-type calgranulin B, 
respectively, is about 60%. Calgranulin A and calgranulin B which 
are present in various warm-blooded animals are thought to 
exhibit comparatively small difference in the amino acid sequence 
20 among animals. Therefore, in the calgranulin of the present 
invention the amino acid sequences exhibiting about 60% or more 
homology to the amino acid sequence of human calgranulin A or 
B are included in the preferable peptides as long as the amino 
acid sequences possess the following preferable activity. 
25 In the present invention, a calgranulin exhibiting 

activity is specially referred to as an active formof calgranulin . 
Specifically, such activity may be any activity based on 
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calgranulin A or calgranulin B, and this can be easily confirmed 
by the following measuring method of calgranulin activity. 

Specifically, the calgranulin activity can be easily 
confirmed and determined by using the method shown in Example 
1 or 2 . The permeabilized neutrophil suspension prepared by the 
method of Example 1 is added to a 96-well immuno plate and incubated 
at 30-40°C for 5-30 minutes. After simultaneous or successive 
addition of a water-soluble calcium compound and a substance 
having calgranulin activity to the well , the calgranulin activity 
is determined by measuring the amount of substances secreted 
in the supernatant, such as elastase or lactoferrin, according 
to the method of Example 1 or 2. 

In a normal case , an active form of calgranulin is produced 
by binding calgranulin and calcium. 

Homologues or mixtures of calgranuiins are also included 
in the calgranulin of the present invention. 

Homologues of calgranulin A or calgranulin B are mutants , 
fragments, and derivatives of the calgranuiins possessing 
calgranulin activity. The mutants indicate calgranuiins 
exhibiting the same activity as the calgranulin A or calgranulin 
B, but formed by a natural or artificial gene manipulation 
technique on a DNA level, for example, by the site specific 
mutagenesis , in which a part of amino acids is replaced, deleted, 
ox added (PAS, 75, pp 4268-4270 (1978), Necl . Acid. Res., 6, 
pp 2973-2985 (1979) , Genetic Engineering Principle and Methods , 
Vol. 3, pp 1-32 (1981), etc.). 

The fragments mean fragments of calgranulin A or 
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calgranulin B which contains continuous amino acids. 

The derivatives mean calgranulin A or calgranulin B in 
which the functional group such as an amino group , hydroxyl group , 
mercapto group, or carboxyl group is modified by, for example, 
5 glycosylation, acylation, amidation, or esterif ication . The 
derivatives further include dimers of calgranulin A or 
calgranulin B , their mutants , or fragments in which the mercapto 
group of cysteine residue is oxidized to the disulfide form 
providing intermolecular S-S linkages, as well as mixed dimers 
10 produced from calgranulin A, its mutant, or fragment and 

calgranulin B, its mutant, or fragment which are bound through 
an oxidized mercapto group of cysteine residue, all exhibiting 
the calgranulin activity. 

There are no limitations to the mixtures inasmuch as the 
15 mixture is a mixture of calgranulin A or its homologue and 
calgranulin B or its homologue at an arbitrary ratio and exhibits 
the calgranulin activity. 

The amino acid sequence of calgranulin A is shown by 
Sequence ID No. 1 of the Sequence Table (Nature (1987) 330 (5) 
20 80-82) , and the amino acid sequence of calgranulin B is shown 
by Sequence ID No . 2 of the Sequence Table (the same source) . 
Therefore, calgranulins including at least one of the following 
peptides can be given as preferable active form of calgranulins 
of the present invention. 




peptide con sisting of the ammo acrd se-g^^SE e 
of Sequenpje^ET^NoT 1 of the Sequence Table and binding calcium 
ret^r 
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1-114 of Sequence ID No^2-^^t1Te^equence Table and binding 
^ al TJ rmfF^^ereto . 

m-i-A-^epTra e having an aminu dF Z -i^k-s^p&sx^^ 
one or mbre amino acids are deleted from or a^deid^Eo the amino 
acid sequence of Sequence ID No .l^er€2 of the Sequence Table, 
or one or more amino acid^anfthe amino acid sequence of Sequence 
ID No . 1 or 2 are r^fTaced with other amino acids , binding calcium 
thereto ,^arfid exhibiting the activity of increasing secretion 
<S3Cg^^ <^=^4U^ ^cap abili^y-^ 
The following methods can be given as examples of the 
method of increasing an active form of calgranulin in cell lines 
having granule secretion capability. 

a) A method of converting cell membranes of cell lines 
having granule secretion capability, preferably neutrophils or 
neutrophil-like cultured cells into permeabilized cell 
membranes, and simultaneously or successively adding a 
calgranulin and a water-soluble calcium compound. 

b) A method of simultaneously or successively adding a 
calgranulin and a water-soluble calcium compound to a cell line 
having granule secretion capability by microinjection using a 
very fine injection needle. 

c) A method of mixing a calgranulin and a water-soluble 
calcium compound, enclosing the mixture in a liposome, and 
causing the mixture to contact with a cell line having granule 
secretion capability, thereby fusing cell membranes. 

d) A method of introducing a calgranulin gene into a cell 
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line having granule secretion capability to cause calgranulin 
to over expression and adding a water-soluble calcium compound 
to the expressed calgranulin. 

To change the membrane of a cell line having granule 
5 secretion capability into a permeabilized cell membrane, cells 
. having granule secretion capability are first separated from 
blood, for example and prepared. Any known method of separation 
and preparation may be used for preparing such cells. The cells 
having granule secretion capability may be suspended cells or 
=0 10 may occasionally be adhered cells. Suspended cells are more 

O preferable in the present invention in view of ease of separation 

Gpi 

juj from blood. Cells having granule secretion capability separated 

f%l from blood are suspended and stored in a physiological saline 

I?*! solution or a phosphate buffered saline. 

JJJ 15 When used, the suspension is re-suspended in a buffer 

Jf? solution containing potassium chloride and sodium chloride such 

^* as a HEPES buffer solution or Tris buffer solution, for example, 

incubated, and processed to convert the membranes into 
permeabilized cell membranes. A buffer solution containing 
20 50-200 mM potassium chloride and 5-30 mM sodium chloride is 
preferable as the buffer solution containing potassium chloride 
and sodium chloride used in the present invention. Specific 
examples are a 10-50 mM HEPES (pH 6.5-7.5) buffer solution or 
a 10-50 mM Tris (pH 6.5-7.5) buffer solution. The mixture is 



25 incubated at 4-40°C for 10-60 minutes. 
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<fefre— l i k e w h ic h con Lairrs--#e4^iU^ . S-a^preirrtgd^ce: 

are re-suspended in the buffer solution contaijij^potassium 
chloride and sodium chloride. In the of adhered cells, 

supernatant of the culture liq3>drdr is discarded and cells are 
re-suspended in the bu^&f^r solution containing potassium 
chloride and so^ilim chloride. The suspension is incubated in 
the same^nner as described above and processed to make the 
^ft gptb^ -fl^^^ermeabilized crel^r^em^&axi^s^ 

The cells having granule secretion capability obtained 
10 in this manner are subj ected to a treatment to make the membranes 
permeabilized cell membranes. One example of this treatment 
comprises treating the cells with an agent having a function 
of making holes through the membranes by acting on part of the 
cell membranes such as, for example, a surfactant, bacterial 
15 toxin, or glycerol. As examples of surfactants, digitonin, 
saponin, octylphenol-polyethyleneglycolether (Triton X-100) , 
3- [ (3-cholamidopropyl) dimethylammoniol ] -1-propane-sulf onate 
(CHAPS) , polyoxyethylene (20) cetylether (Brij 58) , and the like 
can be given. As examples of bacterial toxins, a-toxin, 
20 streptolysin-O, and the like can be given. An amount of 0.01 
to 1000 mM of the above agent is added to 1 x 10 7 cells/ml, 
and the mixture is incubated at 4-40°C for 5-120 minutes. 
Trasrfem e i H :- u£ cells tis - iny sh ort^e^ee t-ori r c pu lo T 





elecrrbporation method) is anotli^r^refeira-b-le method of forming 
25 permeabilized cell membrane's. Specifically, an amount of 1 x 
10 7 cells/mlToifceT^ treated with 1-10 KV electric pulses 

^ •° C Iujl 1-30 i ittw 
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Amethod of using laser beams , a method of using a hypotonic 
solution, and the like are also preferable methods of forming 
permeabilized cell membranes. 

The water-soluble calcium compound used in the present 
invention is not specifically limited inasmuch as the compound 
produces calcium ions when it contacts with water. Powders or 
aqueous solutions of calcium acetate, calcium carbonate, and 
calcium chloride are given as examples . A particularly preferable 
water-soluble calcium compound is a compound which produces 
calcium ions at a concentration of 100 mM or more when the compound 
contacts with water . When an aqueous solution is used, its calcium 
concentration is preferably 100 mM or more. 

Simultaneous addition of a calgranulin and a water-soluble 
calcium compound to permeabilized cell membranes in the present 
invention means a procedure of previously mixing the calgranulin 
and water-soluble calcium compound, incubating the mixture to 
make the calgranulin active form of, and adding the active form 
of calgranulin. Successive addition of a calgranulin and a 
water-soluble calcium compound means a procedure of separately 
adding the calgranulin and water-soluble calcium compound 
irrespective of the order of addition. 

The amount of calgranulin added is usually 0.01 or 
more, and preferably 0.1-5 |JM. Although there is no specific 
upper limit, an amount less than 10 pM is preferable. In the 
same manner, the amount of water-soluble calcium compound added 
is usually 0.01 \m or more, and preferably 0.1-5 pM. Although 
there is no specific upper limit, the amount less than 10 |JM 
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is preferable. 

Incubation is carried out usually at 4-40°C. Incubation 
is carried out usually for 5-30 minutes. 

The other methods of increasing an active form of 
5 calgranulin in cell lines having granule secretion capability 
will now be described. 

Cells having granule secretion capability are first 
separated fromblood, and suspended and stored in a physiological 
saline or a phosphate buffered saline as mentioned above. 
I 10 Alternatively, the cells are cultured in a RPMI medium, MEMmedium, 

! or the like containing fetal bovine serum. In the case of 

I 

| suspended cells, the cells are suspended in a culture medium. 

I In the case of adhered cells, the cells are need for 

i microinjection, introduction of liposomes, genes, and the like. 

I 15 Although microinjection is carried out according to a 

conventional method, the use of a very fine injection needle 
with a diameter of usually 1 |im or less, preferably 0.1-0.8 [4m, 
is desirable. Such an injection needle can be prepared by 
extending a molten glass capillary. Specifically, an injection 
20 needle is set in a manipulator controllable within an accuracy 
of 1 Jim, and a calgranulin and a soluble calcium compound are 
simultaneously microin j ected into the cells. Alternatively, 
the calgranulin is microinj ected first and, after a while, for 
example after 1-60 minutes, preferably after 3-10 minutes, the 
25 water-soluble calcium compound is microinj ected . It is possible 
to microinj ect calgranulin after microinjection of the 
water-soluble calcium compound. In this instance, the 
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concentrations of the calgranulin and water-soluble calcium 
compound may be approximately the same as the above described 
concentrations . 

In the method of increasing an active form of calgranulin 
5 in a cell line having granule secretion capability by membrane 
fusing using a liposome, the calgranulin and a water-soluble 
calcium compound are mixed and enclosed in the liposome, and 
caused to contact with the cells , thereby fusing cell membranes . 
First, a phospholipid solution containing cholesterol, for 
J3 10 example, a mixture of egg yolk phosphatidylcholin , dimyristoyl 
3 phosphatidic acid, and cholesterol at a molar ratio of 4:1:5 

™ s j is prepared. A water-soluble calcium compound and calgranulin 

if- 

*1 are added to the mixture, and the resulting mixture is stirred 

y 

U and filtered through a membrane filter, for example, a membrane 

:H 15 filter made of Teflon, thereby obtaining an emulsion. The 

emulsion is subjected to a rotary evaporator to evaporate an 
organic solvent, and calgranulin which is not enclosed in the 
liposome is removed. As the method of removal, a 12% sucrose 
density-gradient centrif ugation is preferably used. In this 
20 manner, calgranulin is mixed with a water-soluble calcium 

compound and converted into an active form of calgranulin, and 
a liposome in which the active form of calgranulin is enclosed 
prepared. Next, the liposome with an active form of calgranulin 
is enclosed therein is caused to contact with the above-mentioned 
25 cells having granule secretion capability. For example, the 
liposome is added to IxlO 5 ~ lxlO 7 cells in a concentration of 
0.01-100 ]JM, and preferably 0.1-10 |JM, and the mixture is 
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incubated . Incubation is carried out at 4-40°C for 1-30 minutes , 
for example. In this manner, membranes are fused and an active 
form of calgranulin can be increased in the cell lines having 
granule secretion capability. 




a method of recombining a gene encoding calgranulin in a/Known 
plasmid vector or virus vector, and introducing the recombinant 
into the cells can be given. The base sequence showj/as Sequence 
ID No. 1 or No. 2 in the sequence table, for Example, can be 
used as a gene encoding calgranulin. The recombinant vector can 
be introduced into the cells by the calcium phosphate method, 
theDEAEdextranmethod, lipof ectinmethod, electricpulsemethod, 
or the like. The above-described various methods may be 
preferably used for introducing A calgranulin gene in a cell 
line and causing the calgranuliar to over-expression . The cells 
are converted to cells havingyche above-mentioned permeabilized 
cell membrane and a water-seTLuble calcium compound is preferably 
introduced in the cell l'lne. Specifically, a calgranulin gene 
is introduced into cells by incubating a plasmid vector or virus 
vector in which ther calgranulin gene has been incorporated in 
the amount of th^l-200 jxg per O.SxlO 7 to 3xl0 7 cells at 4-40°C 
for 5-120 mimytes together with 1-100 |ig of calcium phosphate, 
0 . l-10mgof BfeAEdextran, or 1-100 fXgof lipofectin, orby treating 
the plasmiu vector or virus vector in which the calgranulin gene 
has been incorporated in the amount of the 1-200 jug per O.SxlO 7 
to 3xi0 7 cells using a short electric pulse at 4-40°C for 1-30 
m-a^x i Le s ": — Th- e- above -m oa- tiorre d— Tra-rro may ^b ' c £^ s : ed-"f : o-r — 
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The following methods can be given as examples of the 
method of decreasing active form of calgranulin of cell lines 
having granule secretion capability. 
5 a) A method of converting a cell line having granule 

secretion capability into cells with permeabilized cell 
membranes and adding a calgranulin antibody. 

b) A method of adding calgranulin antibody to a cell line 
having granule secretion capability by microinjection using a 

10 very fine injection needle. 

c) A method of enclosing a calgranulin antibody in a 
liposome and causing the liposome to act on a cell line having 
granule secretion capability, thereby fusing cell membranes. 

d) A method of introducing an anti-sense gene for a 
15 calgranulin gene into a cell line having granule secretion 

capability, thereby knocking out calgranulin. 

A monoclonal antibody to calgranulin can be prepared by 
the method described in Am. J. Physiol. 274, C1563-C1572 (1988) . 
For example, 10-100 /u g of calgranulin is mixed with a complete 

20 Freund ' s adjuvant and intraperitoneally administered in amouse . 
After administration several times, once every two weeks, the 
spleen is excised to prepare spleen cells. The spleen cells are 
fused with myeloma cells using polyethylene glycol and cultured 
in an HAT medium containing 15% fetal bovine serum, to select 

25 only fused cells. At the time when colonies are identified by 
the naked eye, calgranulin antibody-producing cells are 
conf irmedby the ELISAmethod in which the calgranulin is combined 

17 



with a 96 well immuno plate, and cloning is carried out by the 

limiting dilution method. The cells obtained are cultured and 

the monoclonal antibody to calgranulin produced in the 

supernatant is collected. 
5 The monoclonal antibody to calgranulin is also available 

from BMA Company. 

To obtain a polyclonal antibody to calgranulin, 10-100 

|4,g of calgranulin is mixed with a complete Freund's adjuvant 

and subcutaneously administered to a rabbit. After 
10 administration several times, once every two weeks, blood is 

collected to obtain a polyclonal antibody as antiserum. 

The calgranulin antibody is added to the cells having 

granule secretion capability having permeabilized cell 

membranes prepared by the above-mentioned method in an amount 
15 of 1-100 jxg per 1x10 s to lxlO 7 cells , for example , and the mixture 

is incubated at 4-40°C for 1-30 minutes , whereby the calgranulin 

antibody is introduced into the cells. 

Microinjection is another method of introducing 

calgranulin antibody into cell lines, wherein 0.01-10 jig of the 
20 calgranulin antibody is introduced into the cells by 

microinjection using an injection needle set in a manipulator 

under pressure by an injector. 

Still another method comprises enclosing 1-100 |ig of the 

calgranulin antibody into the above-mentioned liposome, adding 
25 the liposome to the cells at a concentration of 0.01-100 |0M, 

preferably 0.1-10 \M f per 1x10 s to lxlO 7 cells, and incubating 

the mixture at 4-40°C for 1-30 minutes. 
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A calgranulin anti-sense gene can be obtained by inserting 
a gene having a base sequence complementary to the base sequence 
shown by Sequence ID No . 1 or No. 2, for example. In the present 
invention, a plasmid vector or virus vector is prepared by 
5 inserting 1-200 ]ig of this calgranulin ant i- sense gene per 0 . 5x1 0 7 
to 3xl0 7 cells. The resulting vector is incubated at 4-40°C for 
5-120 minutes with the addition of 1-100 \ig of calcium phosphate, 
0.1-10 mg of DEAE dextran, or 1-100 \ig of lipofectin. 
Alternatively, a plasmid vector or virus vector with 1-200 |J,g 
10 of the calgranulin anti-sense gene inserted per 0 . 5xl0 7 to 3xl0 7 
cells is added and treated by a short electric pulse at 0 . 05-0 . 5 
kV at a temperature of 4-40°C for 1-30 minutes. 

In this manner, an anti-sense gene for a calgranulin gene 
is introduced into a cell line having granule secretion 

hi 

15 capability and knocked out. 
J? A treatment of increasing or decreasing an active form 

^* of calgranulin in cell lines having granule secretion capability 

can be carried out according to the above-described procedure. 
As a result, granule secretion of a cell line can be controlled 
20 by increasing or decreasing granule secretion of the cell line. 

Granule secretion of neutrophils is known to inj ure intima 
of blood vessels as mentioned above . Inj ury of blood vessel intima 
is known to be deeply associated with diseases such as adult 
respiratory distress syndrome (ARDS) , injury by reperfusion 
25 after ischemia during acute myocardial infarction, glomerular 
nephritis, cystic fibrosis, rheumatoid arthritis, chronic 
bronchitis, cerebral vasospasm, asthma, peripheral circulation 
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disorder, angina pectoris , hypertension, arteriosclerosis, and 
the like. Therefore, a curative agent, improving agent, or 
improving method may be provided when granule secretion is 
decreased in the above method for controlling secretion of 
granule. A gene therapy for diseases and phenomenon associated 
with secretion of neutrophil granules , such as adult respiratory 
distress syndrome (ARDS) , injury by reperfusion after ischemia 
during acute myocardial infarction, glomerular nephritis, 
cystic fibrosis, rheumatoid arthritis, chronic bronchitis, 
cerebral spasm, asthma, peripheral circulation disorder , angina 
pectoris, hypertension, arteriosclerosis, and the like, maybe 
possible if an anti-sense gene for a calgranulin gene is 
recombined in virus vector introducing the resultant recombinant 
gene into neutrophils removed from a patient and returning the 
cells to the patient . Specifically, the above-described granule 
secretion controlmethod includes a curativemethod and improving 
method of the above diseases . 

The present invention also provides a method of detecting 
a substance which inhibits or activates the granule secretion 
reaction . 

Specifically, the present invention provides a method 
of detecting a substance which inhibits or activates the granule 
secretion reaction comprising the following steps: 

A) A step of increasing an active form of calgranulin 
in cell lines having granule secretion capability; 

B) A step of causing a sample which may contain a substance 
inhibiting or activating the granule secretion reaction 
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(hereinafter simply referred to as "sample") to contact with 
the cell lines having granule secretion capability, and 
incubating the mixture; and 

C) A step of detecting the subject substance secreted 
from the cell line. 

— for rnvm i "j i^trg^ the 
cell lines having granule s^r,etriSrTcapability may be carried 
out before, after^ox'Huring the step A) for increasing an active 

The method of detecting a substance which inhibits or 
activates the granule secretion reaction of the present invention 
includes a method of quantitative determination of the substance 
or a method of screening the substance. 

^^ same procedure "a ' s cfe -s^-r i - bod a b eTre-- ^ 
in the method of conducting the step A) toi^xease active form 
of calgranulin of cell lines having-gfanule secretion capability . 
Specifically, the followi-rfg methods can be given: 

a) A method af^converting cell membranes of cell lines 
having granule s-ecretion capability, preferably neutrophils or 
neutrophil^ ike cultured cells, into permeabilized cell 
membranes, and simultaneously or successively adding a 

^ 

b) A method of simultaneously or successively adding a 
calgranulin and a water-soluble calcium compound to a cell line 
having granule secretion capability by microinjection using a 
very fine inj ection needle . 

c) A method of mixing a calgranulin and a water-soluble 
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calcium compound, enclosing the mixture in a liposome, and 
causing the mixture to come into contact with a cell line having 
granule secretion capability to fuse cell membranes. 

d) A method of introducing a calgranulin gene into a cell 
line having granule secretion capability to cause the calgranulin 
to be over-expressed and adding a water-soluble calcium compound 
to the expressed calgranulin . 

— o-f - ca - us -arrry a samp le wl ixO ll uicry" tr eated 
substance inhibiting or activating the granule secreti<5ri 
reaction to contact with the cell lines having granule/secretion 
capability, and incubating the mixture , biological components , 
naturally occurring substances, compounds, §*fa the like can be 
given as examples of the sample. This procedure of causing the 
sample to contact with the cell lin^s having granule secretion 
capability is carried out befo^', after, or during the step A) 
of increasing an active foj?m -of calgranulin. As the cell lines 
having granule secretiem capability, the said cell line having 
granule secretion .capability itself, a cell line in which the 
calgranulin has4)een increased, a cell line in which the active 
form of calgranulin has been increased, and the like can be used. 
The former two cell lines increase an active form of calgranulin 
by the above-mentioned treatment for increasing the active form 

In a preferable method of increasing an active form of 
calgranulin, the calgranulin is first increased in the cell line 
having granule secretion capability and then a water-soluble 
calcium compound is increased in this cell line, or an active 
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form of calgranulin produced by reacting a calgranulin with a 
water-soluble calcium compound is increased in the cell line 
having granule secretion capability. This sample is caused to 
contact with the cell line before , after, or during the procedure 
of increasing the calgranulin or active form of calgranulin. 
The procedure of contacting the sample with the cell line is 
preferable as amethodof screeningpharmaceutical agents without 
a treatment in which the sample is penetrated through cell 
membranes . 

A specific example is as follows. In the case where 
permeabilized cell membranes are used, an appropriate 
concentration of the sample which may contain a substance 
inhibiting or activating the granule secretion reaction is added 
to the cell suspension and the mixture is incubated. In this 
instance, 1-100 (JM of the sample is added to a suspension of 
neutrophils or neutrophil-like cultured cells having 
permeabilized cell membranes, and the mixture is incubated at 
4-40°C for 1-30 minutes.. Next, a calgranulin is added, and after 
a while, a water-soluble calcium compound is added. For example, 
the water-soluble calcium compound is added 1-60 minutes, and 
preferably 3-10 minutes, after the addition of calgranulin. In 
this instance, the calgranulin and water-soluble calcium 
compound are added in the amount of about 0.01-10 JUM each and 
preferably 0 . 1-3 (iM each. The order of the addition may be either 
first calgranulin and then water-soluble calcium compound, or 
first the water-soluble calcium compound and then the calgranulin . 
The most preferable method is first preparing an active form 



of calgranulin by the reaction of a calgranulin and a 
water-soluble calcium compound, then adding the active form of 
calgranulin into the above mentioned cell line. The sample may 
be added to the cell line not only before the addition of the 
calgranulin, but also simultaneously or after the addition of 
the calgranulin or active form of calgranulin. The reaction for 
granule secretion is initiated in this manner. 

In the case where cells having granule secretion 
capability, for example, neutrophils or neutrophil-like 
cultured cells are injected by microinjection, an appropriate 
concentration, for example, 1-100 |XM, of the sample which may 
contain a substance inhibiting or activating the granule 
secretion reaction is added to the neutrophils or neutrophil-like 
cultured cells, and the mixture is incubated at 4-40°C for 1-30 
minutes. A calgranulin is microinj ected at an appropriate 
concentration, for example, at 0.01-10 MM, and preferably 0 . 1-3 
jjM, and a water-soluble calcium compound is microinj ected 
simultaneously at a concentration, for example, at 0.01-10 |JM, 
and preferably 0.1-3 pM. Alternatively, the water-soluble 
calcium compound is microinj ected after microinjection of 
calgranulin, for example after 1-60 minutes, preferably after 
3-10 minutes, whereby the granule secretion reaction is 
initiated. 

In the case where neutrophils or neutrophil-like cultured 
cells are reacted with a liposome, a sample which may contain 
a substance inhibiting or activating the granule secretion 
reaction is added to the suspension of the neutrophils or 



neutrophil-like cultured cells at an appropriate concentration , 
1-100 |IM, for example, and the mixture is incubated for 1-30 
minutes . A calgranulin is previously mixed with a water-soluble 
calcium compound at a concentration of, for example, 0.01-10 
|iM, and preferably 0.1-3 |JM, and the mixture is incubated, for 
example, at 4-40°C for 1-30 minutes, then introduced into a 
liposome at a concentration of 0 . 01-10 fJM, and preferably 0 . 1-3 
|JM. The liposome is added into a suspension of neutrophils or 
neutrophil-like cultured cells to initiate the granule 
secretion reaction . 

In the case of using cells in which the calgranulin is 
over-expressed, for example neutrophils or neutrophil-like 
cultured cells into which a calgranulin gene has been introduced, 
an appropriate concentration of sample which may contain a 
substance inhibiting or activating the granule secretion 
reaction is incubated for 1-30 minutes, for example. A 
water-soluble calcium compound is added at a concentration of, 
for example, 0.01-10 |JM, and preferably 0 . 1-3 |4M , and the mixture 
is incubated for 1-30 minutes, for example. Then calcium 
ionophore, for example, A23187 or ionomycin, is added at a 
concentration of 0 . 01-10 |iM, and preferably 0 . 1-3 \M to initiate 
the granule secretion reaction. 

Next, the step C) for detecting the subject substance 
secreted from the cell line is carried out. 

Azurophil granules (primary granules) , specif ic granules 
(secondary granules) , and storage granules (tertiary granules) 
are given as granules contained in neutrophils. Acidic /? 
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-glycerophosphatase , j3 -glucuronidase , N-acetyl- # 
-glucurosaminidase, a- mannosidase , arylsulf atase , # 
-galactosidase, a -f ucosidase , cathepsin B, cathepsin D, 
cathepsinG, elastase, proteinase 3 , myeloperoxidase , lysozyme, 
5 and the like are secreted from Azurophil granules. Collagenase, 
lysozyme, lactoferrin, vitamin B 12 -binding protein, cytochrome 
b, and the like are secreted from the special granules. 
Gelatinase, N-acetyl- j3 -glucurosaminidase , cathepsin B, 
cathepsin D, j3 -glucuronidase , j3 -glycerophosphatase , a 
S 10 -mannosidase, and the like are secreted from storage granules. 
% These substances can be selected as a subject substance to be 

ri detected. Each of the subject substances can be quantitatively 

analyzed by means of an appropriate method. 

; r. 

* For example, the quantity of myeloperoxidase secreted 

W 15 from Azurophil granules can be determined from the rate of 
*3 increase in the absorbance at 650 nmby a spectrophotometer using 

p 5 3,3' ,5,5'-tetramethylbenzidine and a hydrogen peroxide as 

substrates. Lactoferrin secreted from specific granules can 
^ be determined by ELISA (enzyme-linked immunoassay , an assay kit 

20 manufactured by Oxis Co.) using an antilactof errin antibody. 
The quantity of N-acetyl- J3 -glucurosaminidase , /3 
-glucuronidase, and a -mannosidase secreted from storage 
granules can be determined by measuring 4-methylunberif eril 
which is produced by the hydrolysisof a 4-methylunberif eril 
25 derivative (Sigma Co.) as a substrate using fluorescence 

spectrophotometer at an excitation wavelength of 3 65 nm and a 
fluorescence wavelength 450 nm. 
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The method of detection of a substance which may inhibit 
or activate the granule secretion reaction according to the 
present invention can be carried out in this manner. Therefore, 
a substance which inhibits or activates the granule secretion 
5 reaction contained in the above-mentioned sample can be 
quantitatively determined . 

A preferable example of the quantitative determination 
of the present invention is as follows. 

The target suhstance (sample) which is an object of 
p 10 screening is caused to be present at an appropriate concentration 
in a suspension of neutrophils or neutrophil-like cultured cells 
having permeabilized cell membranes, and a calgranulin and a 
water-soluble calcium compound are added to make an appropriate 
concentration, respectively, to measure the amount of secreted 
15 granules. For example, 5xl0 6 cells/ml to 5xl0 7 cells/ml of human 
neutrophils which are treated with digitonin to make the membrane 
permeabilized membranes is prepared. A sample is added to a 
concentration of 1-100 pM, followed by the addition of 
calgranulin A (0.01-10 jiM, preferably 0.1-3 JJM) and an aqueous 
20 solution of calcium chloride compound (0.01-10 JJM, preferably 
0.1-3 \iM) . The mixture is incubated at 25-40°C, preferably 
30-70°C, for 1-60 minutes, and preferably for 5-15 minutes. As 
examples of the medium used in this incubation buffer solution 
(pH : about 7-7 . 4) containing, 100 mM - 200 mM potassium chloride , 
25 10 mM - 20 mM sodium chloride , and 0 . 3 mM - 3 mM EGTA, for example, 
phosphoric acid, MOPS, HEPES , Tris, TAPA, BES , and TES buffer 
containing them can be given . The amount of the substance secreted 
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during the incubation is determined and compared with a control 
to which no sample is added. 

According to the present invention a method of screening 
a calgranulin activity activator, which is used for increasing 
5 calgranulin activity of neutrophils or neutrophil-like cultured 
cells and then increasing granule secretion, can be provided. 
Specifically, a substance (sample) which is an object of the 
screening is selected and caused to be present in a suspension 
of neutrophils or neutrophil-like cultured cells having 
1 10 permeabilized cell membranes at an appropriate concentration 
l (1-100 for example) . A water-soluble calcium compound at 

I an appropriate concentration {for example, 0.01-10 JJM, and 

l preferably 0.1-3 |JM) and a calgranulin, for example calgranulin 

A, at an appropriate concentration (for example, 0.01-10 fJM, 
15 and preferably 0.1-3 |JM) are added to the suspension, thereby 
screening the substance which increases the quantity of granules 
secretion even more. 

A simple method of screening a calgranulin activity 
deactivator can be provided by the method of activating the 
2 0 activity of calgranulin permeable through cell membranes of 
neutrophils or neutrophil-like cultured cells of the present 
invention. Specifically, a substance (sample) which is an obj ect 
of screening is selected and caused to be present in a suspension 
of cultured neutrophils or neutrophil-like cells at an 
25 appropriate concentration (1-100 |JM, for example) . A 

calgranulin activity activator at an appropriate concentration 
(for example, 0.01-100 |0M, and preferably 0.1-10 |JM) is added 
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to the suspension, thereby screening the substance which inhibits 
granules secretion. 

Granule secretion of neutrophils is known to injure intima 
of blood vessels as mentioned above . Injury of blood vessel intima 
5 is known to be deeply associated with diseases such as adult 
respiratory distress syndrome (ARDS) , injury by reperfusion 
after ischemia during acute myocardial infarction, glomerular 
nephritis, cystic fibrosis, rheumatoid arthritis, chronic 
bronchitis, cerebral vasospasm, asthma, peripheral circulation 

gig 10 disorder, angina pectoris , hypertension, arteriosclerosis, and 

ft? 

f£§ the like. Therefore, the above method of screening the neutrophil 

yl granule secretion inhibitor can be applied to the screening of 

Ej; a substance which inhibits the intimal injury of bloodvessels. 



y 15 BRIEF DESCRIPTION OF THE DRAWINGS 



V Figure 1 shows an elastase secretion reaction of human 

neutrophils having high permeability cell membranes by 
calgranulin A in Example 1. 

Figure 2 shows an elastase secretion reaction of human 
20 neutrophils having high permeability cell membranes by 
calgranulin B in Example 1. 

Figure 3 shows an elastase secretion reaction of human 
neutrophils having high permeability cell membranes by a mixture 
of calgranulin A and calgranulin B in Example 1 . 
25 Figure 4 shows a lactoferrin secretion reaction of human 

neutrophils having high permeability cell membranes by 
calgranulin A in Example 2 . 
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Figure 5 shows a lactoferrin secretion reaction of human 
neutrophils having high permeability cell membranes by 
calgranulin B in Example 2 . 

Figure 6 shows a lactoferrin secretion reaction of human 
neutrophils having high permeability cell membranes by a mixture 
of calgranulin A and calgranulin B in Example 2. 

BEST MODE FOR CARRYING OUT THE INVENTION 
The present invent ion will now describedmore specif ically 
by way of examples . However , the present invention is not limited 
to these following examples. 
Example 1 

<Method of controlling elastase secretion from human neutrophils 
according to an increase or decrease of calgranulin content> 
Elastase is a typical secretion substance which is present 
in primary granules of neutrophils. Elastase is a proteinase 
which decomposes elastin, an elastic protein present in blood 
vessels, etc., and causes hindrance to occur. A method of 
controlling elastase secretion by calgranulin using human 
neutrophils will be described. 

A neutrophil suspension was prepared from blood collected 
from human vein according to the method described in Biological 
Chemistry Experiment Lecture, second series , No . 8 , Blood, Vol. 
2, 679-685). The neutrophil suspension was adjusted to a 
concentration of lxlO 7 cells/ml in a plastic test tube using 
a permeabilized buffer (PB) (30 mM HEPES, lOOmM KCl, 20 mM 
NaCl, 1 mM EGTA, pH 7.0) and incubated at 37°C for 10 minutes. 
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Digitonin (Sigma company) was added to the neutrophil suspension 
to a final concentration of 5-7.5 |ig/ml and the mixture was 
incubated at 37°C for 15 minutes. The neutrophil suspension was 
centrifuged at 1200 rpm for 5 minutes. After discarding 
5 supernatant, precipitated neutrophils were re-suspended in PB 
to prepare a permeabilized neutrophil suspension (cell 
concentration: lxl0 7 /ml) . 

The permeabilized neutrophil suspension was added to a 
96-well immunoplate, 200 \il per well, and incubated for at 37°C 

p 

yp 10 15 minutes. Next, an aqueous solution of calcium chloride (final 
fi concentration: 1 UM) and calgranulin A, calgranulin B, or a 

1*1 equimolar mixture of calgranulin A and calgranulin B (each to 

a final concentration of 0 |JM, 0.3 \*M, 1 |iM, or 3 |JM) were added, 
and the resulting mixture was incubated at 37°C for 5 minutes. 
15 The 96-well immunoplate was centrifuged at 1200 rpm for 

one minute at 4°C using a centrif ugation container for 
immunoplates . The supernatant is transferred to another 
96-well immunoplate, 160 |il per well, and incubated at 37°C for 
5 minutes. 10 mM of an elastase substrate (Suc-Ala-Pro-Ala-pNA, 
20 Peptide Laboratory , Inc.) was added to the 96-well immunoplate . 
After gently shaking, the mixture was incubated at 37°C for 30 
minutes. Then, absorbance at 405 nm was measured using a 
microplate reader . 

The results are shown in Figure 1 (calgranulin A) , Figure 
25 2 (calgranulin B) , and Figure 3 (a mixture of calgranulin A and 
calgranulin B) . Calgranulin A increased elastase secretion from 
neutrophils if the amount of addition is increased to increase 
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the calgranulin activity (Figure 1) . Assuming that the amount 
of elastase secretion in the absence of calgranulin A is 1, 3 
|JM of calgranulin A remarkably increased the amount of elastase 
secretion (about eight times) . 
5 Calgranulin B increased elastase secretion from 

neutrophils if the amount of addition is increased to increase 
the calgranulin activity (Figure 2) . Assuming that the amount 
of elastase secretion in the absence of calgranulin B is 1, 3 
\SM of calgranulin B remarkably increased the amount of elastase 
S 10 secretion (about seven times) . A mixture of calgranulin A and 
i calgranulin B increased elastase secretion from neutrophils if 

the amount of addition is increased to increase the calgranulin 
activity (Figure 3) . Assuming that the amount of elastase 
secretion in the absence of the mixture is 1, 3 fJM of the mixture 
15 of calgranulin A and calgranulin B remarkably increased the 
amount of elastase secretion (about six times). 

These results show that change in the amount of calgranulin 
A, calgranulin B, or a mixture of calgranulin A and calgranulin 
B in neutrophils can remarkably change the amount of elastase 
20 secretion. 
Example 2 

<Method of controlling lactoferrin secretion from human 
neutrophils according to an increase or decrease of calgranulin 
content> 

25 Lactoferrin is a typical secretion substance which is 

present in secondary granules of neutrophils. A method of 
controlling lactoferrin secretion by calgranulin using human 
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neutrophils will be described. 

A neutrophil suspension was prepared from blood collected 
from human vein according to the method described in Biological 
Chemistry Experiment Lecture, second series, No. 8, Blood, Vol. 
2, 679-685). The neutrophil suspension was adjusted to a 
concentration of lxlO 7 cells/ml using PB in a plastic test tube 
and incubated at 37°C for 10 minutes . Digitonin (Sigma company) 
was added to the neutrophil suspension to a final concentration 
of 5 |Llg/ml and the mixture was incubated at 37°C for 15 minutes. 

The neutrophil suspension was centrifuged at 1200 rpm 
for 5 minutes. After supernatant was discarded, precipitated 
neutrophils were re-suspended in PB to prepare a permeabilized 
neutrophil suspension (cell concentration: lxlO 7 cells/ml) . 
The permeabilized neutrophil suspension was added to a 96-well 
immunoplate, 200 \il per well , and incubated at 37°C for 15 minutes . 
Next, an aqueous solution of calcium chloride (final 
concentration: 1 [M) and calgranulin A, calgranulin B, or a 
equimolar mixture of calgranulin A and calgranulin B (each to 
a final concentration of 0 JJM, 0.3 pM, 1 JJM, or 3 pM) were added, 
and the resulting mixtures were incubated at 37°C for 5 minutes . 
The 96-well immunoplate was centrifuged at 1200 rpm for one minute 
at 4°C. ELISA-kit (OXIS Co.) was used for the determination 
of lactoferrin. The results are shown in Figures 4, 5, and 
6. Calgranulin A increased lactoferrin secretion from 
neutrophils if the amount of addition is increased to increase 
the calgranulin activity (Figure 4) . Assuming that the amount 
of lactoferrin secretion in the absence of calgranulin A is 1, 



3 |XM of calgranulin A remarkably increased the amount of 
lactoferrin secretion (about six times ) . Calgranulin B increased 
lactoferrin secretion from neutrophils if the amount of addition 
is increased to increase the calgranulin activity (Figure 5) . 
Assuming that the amount of lactoferrin secretion in the absence 
of calgranulin B is 1, 3 \SM of calgranulin B remarkably increased 
the amount of lactoferrin secretion (about five times) . Amixture 
of calgranulin A and calgranulin B increased lactoferrin 
secretion from neutrophils if the amount of addition is increased 
to increase the calgranulin activity (Figure 6) . Assuming that 
the amount of lactoferrin secretion in the absence of the mixture 
is 1 , 3 |1M of the mixture of calgranulin A and calgranulin B 
remarkably increased the amount of lactoferrin secretion (about 
five times) . 

These results show that change in the amount of calgranulin 
A, calgranulin B, or a mixture of calgranulin A and calgranulin 
B in neutrophils can remarkably change the amount of lactoferrin 
secretion . 

The results of Examples 1 and 2 show that calgranulins 
are important proteins to control granule secretion form 
neutrophils. 
Example 3 

<Methodof Screening a substance inhibiting or activating granule 
secretion by allowing a sample to stand in the system in which 
the amount of elastase secretion from neutrophils is greatly 
increased by changing calgranulin activity> 

A neutrophil suspension was prepared from blood collected 




from a human vein according to the method described in Biological 
Chemistry Experiment Lecture , second series, No. 8, Blood, Vol. 
2, 679-685). The neutrophil suspension was adjusted to a 
concentration of lxlO 7 cells/ml using PB in a plastic test tube 
5 and incubated at 37°C for 10 minutes. Digitonin was added to 
the neutrophil suspension to a final concentration of 5 jig/ml 
and the mixture was incubated at 37°C for 15 minutes. The 
neutrophil suspension was centrifuged at 1200 rpm for 5 minutes . 
After supernatant was discarded, the precipitate was 

/a 10 re-suspended in PB to prepare a permeabilized neutrophil 

jjSji suspension (cell concentration: lxlO 7 cells/ml). The 

permeabilized neutrophil suspension was added to a 96-well 

rf; immunoplate, 200 |il per well , and incubated at 37°C for 15 minutes . 

N- (4-methoxybenzyl) -N- (4-methoxyphenyl) -7-piperazinylheptyl 

w 15 amine trihydrochloride (Compound 1) , N- 

ru 

-J3 benzyl-N- (4-methoxyphenyl) -7-piperazinylheptylamine 

res; 

N" trihydrochloride (Compound 2) , 

1 , 1- (di-4-hydroxyphenyl) -2-ethyl-l-octaene (Compound 3) , and 
2-hydroxy-5- ( (-4- ( (-2-pyridinylamino) sulfonyl ) phenyl) azo) be 

20 nzoic acid (Compound 4) were used as samples for screening. 

These samples were added to a final concentration of 30 
\M and the mixtures were incubated at 37°C for 15 minutes. Next, 
an aqueous solution of calcium chloride (final concentration: 
1 |JN) and calgranulin A, calgranulin B, or a equimolar mixture 

25 of calgranulin A and calgranulin B (each to a final concentration 
of 0 |JM, 0.3 |JM, 1 |iM, or 3 |0M) were added, and the resulting 
mixtures were incubated at 37°C for 5 minutes. The 96-well 
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immunoplate was centrifuged at 1200 rpm for one minute at 4°C 
using a centrifugal separator for immunoplates . The 
supernatant is transferred to another 96-well immunoplate and 
incubated at 37°C for 5 minutes. 10 mM of an elastase substrate 
(Suc-Ala-Pro-Ala-pNA) was added to the 96-well immunoplate. 
After gently shaking, the mixture was incubated at 37°C for 30 
minutes. Then, absorbance at 405 nm was measured using a 
microplate reader . 

rate of samples was determined by comparison with acprrtrol which 
does not contain the screening sample ,£*si£uming that the 
secretion from the control is lOQ^Tcompound 1 and Compound 2 
increased the activity of c^ranulinAand remarkably controlled 
granule secretion ip/a system in which the amount of elastase 
secretion f roja^neutrophils has been remarkably increased. 
Compound<3 remarkably increased the amount of secretion in the 



[Table 1] 



Name of sample 


Amount of secretion (%) 


Control 


100 


Compound 1 


61 


Compound 2 


51 


Compound 3 


151 


Compound 4 


75 



INDUSTRIAL APPLICABILITY 
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The present invention is a very useful method of 
controlling granule secretion from neutrophils. The detecting 
method, screening method, or guantitative determination method 
of substances inhibiting or activating granule secretion based 
5 on the above method is very useful in providing therapeutic drugs 
for various diseases due to intimal injury of blood vessels 
brought about by granules secretion of neutrophil. 




37 



